ABSTRACT
Introduction
Coffee is very much consumed in Brazil and all over theworld, for this reason it is very well studied [1] [2] [3] [4] [5] . Some latest studies have shown that coffee brings a lot of benefits to human health, such as: concentration power, preventing Alzheimer [6] [7] [8] ; preventing some types of cancer [9] [10] [11] [12] [13] and it can also be used as an agent to avoid drugs consumption, because it contains many substances with pharmacological properties, as quinides, for instance. The chemical composition of coffee granules present a great variety of mineral; aminoacids; lipids; triacilglycerides; fatty acids; sugar and clorogenic acids, including alkaloids and caffeine. It should be pointed out that caffeine is present in low percentage (1 to 2.5%) [14] . It is known that when coffee granules are toasted changes in its chemical composition and/or molecular ordination and distribution can be found. We do not have much knowledge of coffee chemical components and its molecular dynamic behavior after being toasted. Many techniques can be used to evaluate toasted coffees; among them solid state nuclear magnetic resonance (NMR) is one of the best techniques for that, because it permits analyzing coffee granules in their total form, and it also informs on chemical structure; components interaction and molecular homogeneity at molecular level [15] [16] [17] [18] [19] . Thus, the focus of this work is to evaluate six commercial coffee types, employing solid state NMR techniques, using high and low field NMR. Many nuclei can be investigated by solid state NMR; in this specific case we have chosen carbon-13 and hydrogen nucleus because they can inform on chemical structure and molecular dynamic. The results obtained from these nucleuses will help us to have response on the chemical and molecular behavior from the samples analyzed. Carbon-13 will be evaluated from: a) MAS, which permits using short recycle delay that allows evaluating the mobile coffee granule components [20] ; b) CPMAS that analyzes sample focusing the rigid components and c) variable contact-time from which the molecular homogeneity and dispersion can be evaluated.
From variable contact time the values of proton spinlattice relaxation time in the rotating frame can be determined from the decay of all resolved carbons, which permits evaluating the molecular dynamic [21] in the scale of tens of kHz. The 13 C CPMASDD experiment was carried out observing the molecular rigid components present in the coffees granules due to the detection of non protonated carbon [21] . Hydrogen nuclei will be also evaluated through the proton relaxation time [22] , which will be measured directly in a low filed NMR spectrometer, employing inversion-recovery pulse sequence [23] .
Experimental
The six commercial roasted coffee samples, obtained in the market, were analyzed to know more about their chemical characteristics. They were divided into three groups named: coffee type 1; coffee type 2 and coffee type 3. Coffee type 1 is formed by decaffeinated coffee (gd); strong coffee (gf); express coffee (ge) and organic coffee (gorg). Coffee type 2 is constituted by organic coffee (org). And coffee type 3 is formed by coffee extra strong (cef). This classification divided into three groups was based on the coffee nature.
Sample Preparation Each one of the six coffee samples was bought on the same day and was kept in their package. The samples were packed in the NMR rotor on the day of analysis.
All solid state RMN spectra were obtained on a VAR-IAN spectrometer, UNIT-Plus, 9.4 Tesla, operating at 104 MHz for 13 C nuclei. The samples were packed in a 7 mm zirconia rotor that was spun in the magic angle at about 6 kHz. The applied techniques to analyze the samples were: magic angle spinning (MAS); cross-polarization magic angle spinning (CPMAS); cross-polarization magic angle spinning with dipolar dephasing (CPMA-SDD) and variable contact time (VCT). The MAS was recorded with short recycle delay (0.3 s), to investigate the mobile region/chains. The CPMAS were obtained from the VCT experiment, which were carried out using 8 s of recycle delay with the increase of contact time from 200 to 8000 s. From this experiment it was also determined the proton spin-lattice relaxation time in the rotating frame (T 1 H), for each resolved carbon. The low field NMR analyses were done at Maran Ultra 23 (Resonance-Oxford), operating at 23 MHz for protons. It is equipped with an 18 mm variable temperature probe, used for determining of relaxation measurements. Proton spin-lattice relaxation times (T 1 H) were determined directly by the traditional inversion recovery pulse sequence (180° - -90°) the 90° pulse of 4.6 µs was calibrated automatically by the instrument software. The amplitude of the FID was sampled for twenty  data points, ranging from 0.1 to 5000 ms, with 4 scans for each point and 5 s of recycle delay. The relaxation values and relative intensities were obtained by fitting the exponential data with the aid of the program WINFIT. Distributed exponential fittings as a plot of relaxation amplitude versus relaxation time were performed by using the software WINDXP.
Results and Discussion
From the 13 C NMR MAS spectra (Figure 1) it was identified signals which refer to carbons which belong to the mobile region present in the coffee samples ( Table 1) , due to the use of short recycle delay between 90 degree pulses. Thus, only signals from the triacilglycerides were detected. Table 2 shows the carbon type and the chemical shift assignment of 13 C NMR MAS spectra of coffee samples.
Taking into account the 13 C NMR MAS results, another technique applied was VCT experiment, which allows observing the decay pattern of coffee samples. In this experiment the contact time varied from short values (0.2 ms) to long values (8 ms). Figure 2 shows the pattern obtained from each coffee sample. VCT decay of coffees behaves as heterogeneous materials, because, at least, two domains with different molecular mobility were observed: one located at short contact-time, T CH = 0.4 ms, which refers to polysaccharides and fibers, and the other one located at long contact-times, T CH = 4 and 8 ms, due to triacilglycerides constituents.
Comparing the profile of VCT decay for the coffees of type 1, all of them present more than one domain, excluding 1 gf, which posses a more homogeneous distribution of the constituents. It is due to the low oil content and a signal located at 30 ppm that refers to the protein and/or fibers. The other coffees analyzed present at least two domains: one related to the polysaccharides and the other one from the oil (triacilglycerols with long molecular chains). Analyzing the two types of organic coffees, the 2 org coffee presents much quantity of oil than 1 gorg coffee.
From the VCT experiment, it was obtained the 13 C CPMAS spectra with different contact-times. From these series, it was also obtained the optimum contact-time, which was 0.4 ms for 1 gd coffee; 1 ms for 1 gorg coffee and 0.8 ms for the others. These data reveal that 1 gd coffee has a great contribution from the rigidity domain in comparison to the others, because of the low contacttime for the polarization transfer. The coffee 1 gorg posses, at least, two domains with distinct molecular mobility, one has higher molecular mobility and the other one lower molecular mobility. Coffee 1 gorg has a short optimum contact-time, indicating that this coffee type is a heterogeneous material. Signals which refer to polysaccharides were detected at: 62 ppm (CH 2 -O), 72 ppm (CH-O) and 102 ppm (CH-O-CH). For all coffees one large signal centered at 30 ppm, derived from CH 2 groups were detected, which can be due to protein and/or fibers (Figure 3) .
T 1 H values are important information obtained from VCT experiment. They were determined through the VCT decays as far as the contact time increases. Table 3 shows the values of this parameter, determined for all resolved carbons, which were derived from the polysaccharides, assigned at: 103 ppm, 72 ppm and 62 ppm.
According to the relaxation values 1 gf and 1 gd coffees presented better homogeneity at the molecular level, which can be due to the molecular arrangement and ordination in the granule, compared to the other coffees investigated. The coffee 1 gorg is the most heterogeneous coffee type, probably due to its molecular organization, because of its components distribution and intermolecular interactions. The changes in the molecular mobility can have the following contributions: 1) oil quantity and distribution, 2) molecular interactions and 3) granular constituted organization. No significant difference was found between 2 org and 3 cef coffees in relation to the molecular organization, therefore, they are different from all type1 coffees.
In order to obtain more responses on constituted distribution in the coffee granules, CPMASDD technique Coffee 3 cef 4 5 ---was used. Generally, 13 C NMR CPMASDD technique only shows signals which refers to the non-hydrogenated carbons, although the methyl group and other carbons can also be detected due to its high molecular mobility. For the analyzed coffees, the carbonyl carbons were detected from 177.3 to 171.2 ppm, based on the coffee type/nature ( Table 4 ). The chemical shift of coffee 1 gorg is related to carbonyl group that presents small triacylglycerols chains, confirming the presence of more than one domain, with distinct molecular mobility.
To have more information on coffees behavior, they were analyzed by low field NMR, employing the determination of proton spin-lattice relaxation time (T 1 H) . The values of this parameter for all coffees are listed in Table 5 .
From the data showed in Table 5 the values of T 1 H can be extracted and interpreted in two ways: 1) One is related to the T 1 H values determined from one curve fit, which has a major influence from the do- main that controls the relaxation process. In this sense, Coffee 1 gf and Coffee 1 gorg have this parameter influenced by the polysaccharides, while for the other coffees their relaxation parameters has more influence from the oil domain, confirming their heterogeneity; 2) Analyzing the domains distribution values of T 1 H, it is obvious that Coffee 1gorg has a rigid domain that controls the relaxation process. Figure 4 exhibits the distribution of relaxation data for the Coffee 1 gorg (A) and Coffee 2 org (B). Both samples presented 4 relaxation times that are related to different molecular domains: two of them, which present lower relaxation values, were related to free water and the other two referred to water associated to oil and interacting with the polysaccharides, respectively. Therefore, for coffee 1 gorg, the relaxation value for the rigid domain was formed by much stronger interactions, because it presents a higher relaxation value and for the coffee 2 org the relaxation values did not have the same behavior. Normally the longer relaxation time controls the relaxation process and for this sample longer relaxation time has lower influence on this process due to its proportion in relation to the other. The relaxation data and the domain distribution suggest that the domains on both coffees are organized differently, promoting multiple intermolecular interactions.
Conclusions
According to the main objective of this work, it can be concluded that the major coffee components are: triacilglycerides, which constitute the mobile region in the granule coffee; and carbohydrates/fibers which belong to the rigid domain. Although these constituents are located in different regions, it is relevant to mention that they have strong intermolecular interactions with water and its molecular arrangements have been influenced by the distribution of constituents.
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